The thermal-expansion tensor of the disordered form of 2fluoronaphthalene (C 1 oH 7 F) was calculated from the changes of the lattice constants with temperature (273-323 K) as measured with X-ray and neutron diffraction. The results show that the thermal-expansion anisotropy is significant. The structural interpretation of this property is not trivial.
Introduction
We have pointed out that the crystalline form I of 2fluoronaphthalene (CIoHvF) is stable over a large temperature range; from 270 K to the melting point (331 K). This form corresponds to a disordered structure (Chanh & Haget, 1972) , isotypic with naphthalene (monoclinic, P21/a, Z = 2). Changes of the lattice constants with temperature have been determined from 273 to 323 K. The present work, undertaken as part of a systematic investigation of polymorphism phenomena in the 2R-substituted naphthalene series (Chanh, Haget, Meresse & Housty, 1978; Chanh, Haget, Bonpunt, Meresse & Housty, 1977; Haget, Chanh & Meresse, 1976) , has been done as an attempt to get extra data on the thermal evolution of the disorder which is typical of form I of these compounds.
Experimental
The commercial product (Fluorochem) was submitted to successive vacuum sublimations for purification until no impurity trace could be detected by mass spectrometry.
In the temperature range 293-323 K, powder data were recorded every 5 ° on an X-ray diffractometer with Ni-filtered Cu K~1~2 radiation. The sample was placed on a metallic sample holder specially designed to avoid sublimation and to favour good temperature stability. This holder was placed into a thermally insulated box and heated by a gas flow at regulated temperatures. A (Ni-Cr/Ni-Al) thermocouple placed in contact with the sample was used to record continuously the temperature which was found to be stable within 4-0.1 °. Special care was taken in order to obtain very precise results" a very slow scanning rate [1/20 ° (20) rain-x], correction of experimental 0 values by use of an internal standard (quartz), the thermal expansion of which is well known (Mayer, 1959; Filhol, 1971 ) and use of a correction chart made in our laboratory [chart derived by Rachinger's (1948) method] .
Powder data at 273 K were recorded by neutron diffraction (2 = 2-520 + 0-001 A) using germanium as internal standard. This experiment was carried out on instrument D1B (multicounter) at the Laue-Langevin Institute (Grenoble) as part of a low-temperature study of polymorphism in 2fluoronaphthalene.
Results
The cell constants given in Table 1 were computed with a least-squares refinement program.
The observed lattice constants have been least-squares fitted by polynomials in T; only one polynomial has been used for fitting both the a and c parameters in the whole temperature range. On the other hand, the fits of b and fl required the temperature range to be divided into two parts: 273-308 and 293-323 K for b and 273-298 and 293-323 K for fl, so that the second of the three polynomials is referred to the overlap zone. The results are given in Table 2 .
From these polynomials, we calculated, for each desired temperature T, the cell dimensions and angles (a;, 0q)r and their derivatives (a~, :t3r. Then, the thermal-expansion tensor El5 is directly given by the following formula (valid for any crystal symmetry):
This method only differs from the usual one (see for example Calvarin & Weigel, 1972) by the fact that the least-squares refinement of linear thermal expansion in known crystal directions is replaced by the least-squares refinement of accurate cell parameters (parameters calculated from a large number of observed 0 angles for powder samples or Euler angles for single crystals).
Using this method, the principal components ~1, :t2, ~3 of the thermal-expansion tensor were calculated. They define the shape of the thermal ellipsoid. According to Neumann's 123-8271 -0.1042 x 10-1 0.1205 x 10 -4 0.00001 fl 290-308 49.6844 0.7612 -0.2629 X 10 -2 0.3013 x 10-5 0.00001 308-323 133.6505 -0.6979 x 10-1 0.1119 x 10-3 0-00010 * R is the reliability factor between measured and calculated unit-cell parameters.
principle (Nye, 1969) , for a monoclinic structure, one of them (~2) is parallel to the binary axis b, and the two others (c~1 and ~3) are in the ac plane. As for the orientation of the ellipsoid, it is defined by the angle ~0 between am and a. At 298 K, ~1 = 338 x 10 -6, ~2=44x 10 -6, 0~3= -51 x 10-6K -1 and q~=25 °. When the temperature increases, the most important variation is observed for ~2; at 323 K, the values are: ~1 = 360 x 10 -6, .~2=390x 10 -6, ~3=18x 10-6K -1 and tp=16 °. These results show that the thermal-expansion anisotropy of 2-fluoronaphthalene is significant.
Conclusion
The intbrpretation of these results in terms of structural considerations is not trivial: there appears to be no direct relation between the principal directions of the thermal ellipsoid and the molecular packing and/or the intermolecular directed bonds. We have to remember that this crystalline form of 2-fluoronaphthalene corresponds to a disordered structure. The observed 'molecule' is a statistical one: the fluorine atom is statistically distributed on the four 2 positions of the naphthalene ring with an equal probability of 0-25 and there is also a positional disorder for the whole molecule as is suggested by the dimensions of the OR TEP drawings (Chanh & Haget, 1972) . It is possible to speculate about the large increase of the ~2 coefficient versus temperature by noting that this fact can be interpreted by the increase of the positional disorder amplitude itself. The large anisotropy of thermal expansion in the ac plane can probably be correlated with the combined influence of van der Waals contacts between molecular planes and short 'bonds' between atoms placed on the 2 site of the ring (local combination of H...H, H...F, F...F contacts in undetermined proportions due to possible intermolecular correlations) but it is not possible to estimate their precise contribution in the present state of our results.
